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(37) ABSTRACT

A power transmission apparatus for a vehicle may include a
first input shait fixedly connected to an engine output shaft,
a second input shaft coaxial with the first input shatt a third
input shaft coaxial with the second input shaft, an interme-
diate shaft and at least one output shaft, a planetary gear set

mounted on an axis of the intermediate shait, a plurality of
gear sets, each of which allows at least one torque tlow
between the intermediate shaft, the first, second, and third
input shaits, the output shaft and the planetary gear set, a
first synchronizer mounted on the output shait, selectively
receiving a torque from the second input shaft, a second
synchronizer mounted on the output shaft, selectively
receiving a torque from the third mput shait through two
paths, and transmitting the received torque to the output
shaft, and four clutches each of which facilitating selective
connection.

20 Claims, 5 Drawing Sheets
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POWER TRANSMISSION APPARATUS FOR
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2019-0065335 filed on Jun. 3, 2019, the

entire contents of which 1s incorporated herein for all
purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mvention relates to a power transmission
apparatus for a vehicle. More specifically, the present inven-
tion relates to a power transmission apparatus for a vehicle
which may realize a plurality of shifting stages 1n a minimal
configuration, wherein the shift-stage 1s arbitrarily selected
according to characteristics of the vehicle to improve power
delivery performance and fuel consumption, down-size to
improve the installability of the power transmission appa-
ratus for a vehicle.

Description of Related Art

Research on realizing more shifting stages of an auto-
matic transmission are undertaken to achieve enhancement
of fuel consumption and better drivability, and recently,
increase of oil price 1s triggering a hard competition 1n
enhancing fuel consumption of a vehicle.

In the present sense, research on an engine has been
undertaken to achieve weight reduction and to enhance fuel
consumption by so-called downsizing research on an auto-
matic transmission has been performed to simultaneously
provide better drivability and fuel consumption by achieving
more shifting stages.

To achieve more shifting stages for an automatic trans-
mission, the number of parts 1s typically increased, which
may deteriorate 1nstallability, production cost, weight and/or
power flow efliciency.

Theretfore, to maximally enhance fuel consumption of an
automatic transmission having more shifting stages, 1t 1s
important for better efliciency to be derived by fewer num-
ber of parts.

In the present respect, an eight-speed automatic transmis-
s10n has been recently introduced, and a planetary gear train
for an automatic transmission facilitating more shifting
stages 1s under mvestigation.

An automatic transmission of eight or more shifting
stages typically may include three to four planetary gear sets
and five to seven engagement elements (Ifriction elements),
and may easily become lengthy, deteriorating installability.

In this regard, disposing planetary gear sets 1n parallel or
employing dog clutches instead of wet-type control elements
1s sometimes attempted. However, such an arrangement may
not be widely applicable, and using dog clutches may easily
deteriorate shift-feel.

The information included in this Background of the
present invention section 1s only for enhancement of under-
standing of the general background of the present invention
and may not be taken as an acknowledgement or any form
of suggestion that this information forms the prior art

already known to a person skilled in the art.

BRIEF SUMMARY

Various aspects of the present imnvention are directed to
providing a power transmission apparatus configured for a
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2

vehicle having advantages of improvement of power deliv-
ery performance and fuel consumption

A power transmission apparatus configured for a vehicle
according to one or a plurality of exemplary embodiment of
the present invention may include a first input shait fixedly
connected to an engine output shait, a second mnput shatt
formed as a hollow shatft, mounted coaxial with and external
to the first mput shait without rotational interference ther-
cbetween, and selectively connectable to the first input shaft,
a third input shaft formed as a hollow shait, mounted coaxial
with and external to the second nput shaft, and selectively
connectable to the first input shait, an intermediate shait and
at least one output shaft mounted in parallel with the first,
second, and third mput shafts, a planetary gear set having
first, second, and third rotation elements and mounted on an
axis of the intermediate shaft, two of the three rotation
clements being selectively connectable to the intermediate
shaft, a plurality of gear sets, each of which allows at least
one torque flow between the mtermediate shaft, the first,
second, and third input shaits, the output shaft and the
planetary gear set, a first synchronizer mounted on the
output shatt, selectively recerving a torque from the second
input shait through two paths, and transmitting the received
torque to the output shatt, a second synchronizer mounted on
the output shafit, selectively receiving a torque from the third
input shatt through two paths, and transmitting the received
torque to the output shaft, and four clutches each of which
facilitating selective connection.

The at least one output shaft may include a first output
shaft transmitting a torque between the second and third
input shafts and a differential.

The first and second rotation elements of the planetary
gear set may be selectively connectable to the intermediate
shaft. The four clutches may include a first clutch mounted
between the first mput shait and the second 1nput shait, a
second clutch mounted between the first input shaft and the
third mput shaft, a third clutch mounted between the inter-
mediate shait and the second rotation element of the plan-
ctary gear set, and a fourth clutch mounted between the
intermediate shaft and the first rotation element of the
planetary gear set.

The second and third rotation elements of the planetary
gear set may be selectively connectable to the intermediate
shaft. The four clutches may include a first clutch mounted
between the first mput shait and the second 1nput shait, a
second clutch mounted between the first input shaft and the
third mput shaft, a third clutch mounted between the inter-
mediate shait and the second rotation element of the plan-
ctary gear set, and a fourth clutch mounted between the
intermediate shaft and the third rotation element of the
planetary gear set.

The plurality of gear sets may include a first gear set
including a first input gear and a first external gear, the first
input gear being fixedly connected to the first input shaft, the
first external gear being fixedly connected to the intermedi-
ate shatt and externally gear-meshed with the first input gear,
a second gear set including a second 1nput gear and a first
shifting gear, the second input gear being fixedly connected
to the second input shaft, the first shifting gear being
rotatably mounted on the first output shaft and externally
gear-meshed with the second mput gear, a third gear set
including a second external gear, a third input gear, and a
second shifting gear, the second external gear being fixedly
connected to the third rotation element of the planetary gear
set, the third mput gear being fixedly connected to the
second input shait and externally gear-meshed with the
second external gear, and the second shifting gear being
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rotatably mounted on the first output shait and externally
gear-meshed with the third input gear, a fourth gear set
including a third external gear, a fourth input gear and a third
shifting gear, the third external gear being fixedly connected
to the first rotation element of the planetary gear set, the
fourth 1nput gear being fixedly connected to the third mput
shaft and externally gear-meshed with the third external
gear, the third shifting gear being rotatably mounted on the
first output shaft and externally gear-meshed with the fourth
input gear, and a fifth gear set including a fifth input gear and
a fourth shifting gear, the fifth input gear being fixedly
connected to the third input shatt, the fourth shifting gear
being rotatably mounted on the first output shaft and exter-
nally gear-meshed with the fifth input gear.

The plurality of gear sets may further include a sixth gear
set including a final reduction gear of the differential and a
first output gear fixedly connected to the first output shaft
and externally gear-meshed with the final reduction gear.

The first, second, third, fourth and fifth gear sets may be
mounted 1n a listed order from an opposite side of the engine
output shafit.

The first synchronizer may selectively connect one of the
first shifting gear of the second gear set and the second
shifting gear of the third gear set to the first output shatt, and
the second synchronizer may selectively connect one of the
third shifting gear of the fourth gear set and the fourth
shifting gear of the fifth gear set to the first output shatft.

The at least one output shaift may include a first output
shaft transmitting a torque between the second input shaft
and a differential, and a second output shait transmitting a
torque between the third mput shait and the differential.

The first and second rotation elements of the planetary
gear set may be selectively connectable to the intermediate
shaft. The four clutches may include a first clutch mounted
between the first mnput shait and the second input shait, a
second clutch mounted between the first input shaft and the
third mput shaft, a third clutch mounted between the inter-
mediate shait and the second rotation element of the plan-
ctary gear set, and a fourth clutch mounted between the
intermediate shaft and the first rotation element of the
planetary gear set.

The second and third rotation elements of the planetary
gear set may be selectively connectable to the intermediate
shaft. The four clutches may include a first clutch mounted
between the first input shait and the second input shait, a
second clutch mounted between the first input shaft and the
third mput shaft, a third clutch mounted between the inter-
mediate shait and the second rotation element of the plan-
ctary gear set, and a fourth clutch mounted between the
intermediate shait and the third rotation element of the
planetary gear set.

The plurality of gear sets may include a first gear set
including a first input gear and a first external gear, the first
input gear being fixedly connected to the first input shaft, the
first external gear being fixedly connected to the intermedi-
ate shatt and externally gear-meshed with the first input gear,
a second gear set including a second 1put gear and a first
shifting gear, the second input gear being fixedly connected
to the second mnput shaft, the first shifting gear being
rotatably mounted on the first output shaft and externally
gear-meshed with the second mput gear, a third gear set
including a second external gear, a third input gear, and a
second shifting gear, the second external gear being fixedly
connected to the third rotation element of the planetary gear
set, the third mput gear being fixedly connected to the
second input shait and externally gear-meshed with the
second external gear, and the second shifting gear being
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rotatably mounted on the first output shaft and externally
gear-meshed with the third input gear, a fourth gear set
including a third external gear, a fourth input gear and a third
shifting gear, the third external gear being fixedly connected
to the first rotation element of the planetary gear set, the
fourth mput gear being fixedly connected to the third mput
shaft and externally gear-meshed with the third external
gear, the third shifting gear being rotatably mounted on the
second output shaft and externally gear-meshed with the
fourth input gear, and a fifth gear set including a fifth mnput
gear and a fourth shifting gear, the fifth input gear being
fixedly connected to the third input shait, the fourth shifting
gear being rotatably mounted on the second output shait and
externally gear-meshed with the fifth mput gear.

The plurality of gear sets may further include a sixth gear
set including a final reduction gear of the differential, and
first and second output gears fixedly connected to the first
and second output shafts respectively, and externally gear-

meshed with the final reduction gear.

The first, second, third, fourth and fifth gear sets may be
mounted 1n a listed order from an opposite side of the engine
output shaft.

the first synchronizer may selectively connect one of the
first shifting gear of the second gear set and the second
shifting gear of the third gear set to the first output shaft and
the second synchronizer may selectively connect the third
shifting gear of the fourth gear set and the fourth shifting
gear of the fifth gear set to the second output shaft.

The planetary gear set may be a single pinion planetary
gear set and the first, second, and third rotation elements are
a sun gear, a planet carrier, and a ring gear.

A power transmission apparatus configured for a vehicle
according to an exemplary embodiment of the present
invention may realize sixteen shifting stages by combining
one simple planetary gear set and two synchronizers to basic
four-speed dual-clutch transmission (DCT) structure.

Furthermore, according to a power transmission apparatus
configured for a vehicle according to an exemplary embodi-
ment of the present invention, desired shifting stages may be
selected from the sixteen shifting stages, and therefore, a
transmission may be easily optimized for various specifica-
tions ol vehicles, facilitating vehicle-specifically improve-
ment of power delivery performance and fuel consumption.

Furthermore, according to a power transmission apparatus
configured for a vehicle according to an exemplary embodi-
ment of the present invention, a transmission may be down-
sized by employing a simple four-speed DCT structure,
thereby also improving installability.

Furthermore, effects which may be obtained or expected
from exemplary embodiments of the present invention are
directly or suggestively described in the following detailed
description. That 1s, various eflects expected from exem-
plary embodiments of the present invention will be
described 1n the following detailed description.

The methods and apparatuses of the present invention
have other features and advantages which will be apparent
from or are set forth in more detail 1n the accompanying
drawings, which are incorporated herein, and the following
Detailed Description, which together serve to explain certain
principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a power transmission
apparatus configured for a vehicle according to various
exemplary embodiments of the present invention.
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FIG. 2 1s a shifting operation chart for a power transmis-
s1on apparatus configured for a vehicle according to various
exemplary embodiments of the present invention.

FIG. 3 1s a schematic view of a power transmission
apparatus configured for a vehicle according to various
exemplary embodiments of the present mnvention.

FIG. 4 1s a schematic view of a power transmission
apparatus configured for a vehicle according to various
exemplary embodiments of the present mnvention.

FIG. 5 1s a schematic view of a power transmission
apparatus configured for a vehicle according to various
exemplary embodiments of the present invention.

It may be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified rep-
resentation of various features illustrative of the basic prin-
ciples of the present invention. The specific design features
of the present imnvention as included herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined 1n part by the particularly
intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made 1n detail to various embodi-
ments ol the present invention(s), examples of which are
illustrated 1n the accompanying drawings and described
below. While the present invention(s) will be described in
conjunction with exemplary embodiments of the present
invention, 1t will be understood that the present description
1s not mtended to limit the present mvention(s) to those
exemplary embodiments. On the other hand, the present
invention(s) 1s/are mtended to cover not only the exemplary
embodiments of the present invention, but also various
alternatives, modifications, equivalents and other embodi-
ments, which may be included within the spirit and scope of
the present invention as defined by the appended claims.

In the following detailed description, only certain exem-
plary embodiments of the present invention have been
shown and described, simply by way of 1llustration. As those
skilled 1n the art would realize, the described embodiments
may be modified 1 various different ways, all without

departing from the spirit or scope of the present invention.

The drawings and description are to be regarded as
illustrative 1in nature and not restrictive, and like reference
numerals designate like elements throughout the specifica-
tion.

In the following description, dividing names of compo-
nents into first, second and the like 1s to divide the names
because the names of the components are the same as each
other and an order thereof 1s not particularly limaited.

FIG. 1 1s a schematic view of a power transmission
apparatus according to various exemplary embodiments of
the present mnvention.

Referring to FIG. 1, a power transmission apparatus
according to various exemplary embodiments of the present
invention includes first, second, and third 1mput shafts IS1,
IS2, and IS3, an mtermediate shait CS, a first output shatts
OS1, a planetary gear set PG, first, second, third, fourth,
fifth, and sixth gear sets GT1, G12, GT3, GT4, GTS and
GT6, first, and second synchronizers SM1 and SM2, and
first, second, third, and fourth clutches CLL1, CL.2, CL3, and
CLA4.
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A power source of the power transmission apparatus may
be various types of a known engine ENG, such as a gasoline
engine or a diesel engine.

The first, second, and third 1input shafts IS1, IS2, and 1S3
are mounted at a same axis. The first mnput shaft IS1 1s an
input member, and fixedly connected to an engine output

shaft EOS (or a crankshaft) of an engine ENG, and a first

iput gear 1G1 1s fixedly mounted on an external circum-
terence of the first mput shaft IS1.

The first input shaft IS1 may receive the torque of the
engine output shaft EOS through a torque converter.

The second input shaft IS2 1s formed as a hollow shatt,
mounted coaxial with and external to the first input shatt I1S1
without rotational interference therebetween, and selectively
connectable to the first input shaft IS1.

The second mput shaft IS2 1s external to the first input
shaft IS1 excluding an end portion of the first input shaft IS1,
and second and third mput gears 1G2 and 1G3 are fixedly
mounted to the second input shaft IS2 at locations toward the
excluded end portion of the first mnput shait IS1.

The third mput shait IS3 1s formed as a hollow shatt,
mounted coaxial with and external to the second nput shaft
IS2 without rotational interference therebetween, and selec-
tively connectable to the second mput shaft IS2.

The third mput shaft IS3 1s external to the second input
shaft IS2 excluding an end portion of the second nput shaift
IS2, and fourth and fifth input gear 1G4 and 1G5 are fixedly
mounted to the third input shaft IS3.

The intermediate shaft CS 1s mounted 1n parallel with the
first, second, and third input shatts IS1, IS2, and IS3, and 1s
fixedly mounted with a first external gear EG1 which 1s
externally gear-meshed with the first input gear 1G1 at the
first input shaft IS1.

The first output shait OS1 i1s an output element, and
mounted 1n parallel with the first, second, and third input
shafts IS1, 1S2, and IS3. First, second, third, and fourth
shifting gears SG1, SG2, SG3 and SG4 are rotatably
mounted on the first output shaft OS1, and are externally
gear-meshed with the second, third, fourth, and fifth 1nput
gears 1G2, 1G3, 1G4 and 1G5 on the second and third 1nput
shafts IS2 and IS3.

The first output shaft OS1 receives a shifted driving
torque through a plurality of gear sets and transmits the
shifted driving torque to a differential DIFF through a first
output gear OG1 and a final reduction gear FDG.

The planetary gear set PG 1s mounted on an axis of the
intermediate shaft CS. The planetary gear set PG merely
outputs a torque received from the first input shaft IS1, or
outputs a shifted torque obtained from torques from the first
input shaft IS1 and the second and third input shatits IS2 and
IS3.

In more detail, the planetary gear set PG may receive
torques from the first input shait IS1 and the second input
shaft IS2, outputting a shifted torque to the third input shaift
IS3, or may receive torques from the first input shait IS1 and
the third mput shatt IS3 thereby outputting a shifted torque
to the second nput shaft IS2.

The planetary gear set PG 1s a single pinion planetary gear
set, and includes a sun gear S, a planet carrier PC rotatably
supporting a plurality of pinion gear P externally gear-
meshed with the sun gear S, and a ring gear R internally
gear-meshed with the plurality of pinion gear P engaged
with the sun gear S. The sun gear S acts as a first rotation
clement N1, the planet carrier PC acts as a second rotation
clement N2, and the ring gear R acts as a third rotation
clement N3.
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The first and second rotation elements N1 and N2 are
selectively connectable to the mntermediate shaft CS, respec-
tively, and the first and third rotation elements N1 and N3 are
respectively connected to the third and second mnput shaifts
IS3 and IS2 through corresponding gear sets.

The six gear sets G'11 to GT6 are hereinaiter described in
detail.

The first gear set GT1 includes a first imnput gear 1G1 and
a first external gear EG1. The first imnput gear 1G1 1s fixedly
connected to the first input shatt IS1, and the first external
gear EG1 1s fixedly connected to the intermediate shait CS
and externally gear-meshed with the first input gear 1G1.

In the first gear set GT1 of various exemplary embodi-
ments ol the present invention, the first external gear EG1
may be selectively connectable to the first rotation element
N1 (sun gear S) and the second rotation element N2 (planet
carrier PC) of the planetary gear set PG, through the
intermediate shaft CS.

The second gear set G'T2 includes a second input gear 1G2
and a first shifting gear SG1. The second input gear 1G2 1s
fixedly connected to the second mnput shaft IS2, and the first

shifting gear SG1 1s rotatably mounted on the first output
shaft OS1 and externally gear-meshed with the second 1nput
gear 1G2.

The third gear set GT3 includes a second external gear
EG2, the third 1input gear 1G3, and the second shifting gear
SG2. The second external gear EG2 1s fixedly connected to
the third rotation element N3 (ring gear R) of the planetary
gear set PG The third mput gear 1G3 1s fixedly connected to
second 1nput shaft IS2 and externally gear-meshed with the
second external gear EG2. The second shifting gear SG2 1s
rotatably mounted on the first output shaft OS1 and exter-
nally gear-meshed with the third input gear 1G3.

The fourth gear set GT4 includes a third external gear
EG3, a fourth input gear 1G4 and a third shifting gear SG3.
The third external gear EG3 1s fixedly connected to the first
rotation element N1 (sun gear S) of the planetary gear set
PG. The fourth input gear 1G4 1s fixedly connected to the
third mput shaft IS3 and externally gear-meshed with the
third external gear EG3. The third shifting gear SG3 1s
rotatably mounted on the first output shaft OS1 and exter-
nally gear-meshed with the fourth input gear 1G4.

The fitth gear set GTS includes the fifth input gear 1G5
and the fourth shifting gear SG4. The fifth input gear 1G5 1s
fixedly connected to third input shaft IS3. The fourth shifting
gear SG4 1s rotatably mounted on the first output shaft OS1
and externally gear-meshed with the fifth input gear 1G5.

The sixth gear set G'T6 includes the final reduction gear
FDG of the differential DIFF, and the first output gear OG1
fixedly connected to the first output shatt OS1 and externally
gear-meshed with the final reduction gear FDG

The first, second, second, third, fourth, fifth and sixth gear
sets G111, GT2, GT3, GT4, GTS and GT6 are mounted 1n a
listed order from an opposite side of the engine output shaft.

The first, second, third, and fourth shifting gears SGI,
SG2, SG3, and SG4 rotatably mounted on the first output
shaft OS1 are selectively connectable to the first output shait
OS1 by first and second synchronizers SM1 and SM2.

The first synchronizer SM1 selectively synchronizes the
first shifting gear SG1 and the second shifting gear SG2 to
the first output shaft OS1, and the second synchromzer SM2
selectively synchronizes the third shifting gear SG3 and the
fourth shifting gear SG4 to the first output shaft OS1.

The first and second synchromizers SM1 and SM2 may be
formed as a known scheme, and first and second sleeves
SLE1 and SLE2 applied to the first and second synchroniz-
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ers SM1 and SM2 may be operated by actuators which may
be controlled by a transmission control unit.

Gear ratios of the first to sixth gear sets GT1 to G16 may
be set 1n consideration of design requirements of a trans-
mission.

Furthermore, engagement elements of first to fourth
clutches CL1, CL.2, CL3, and CLL4 are mounted between

rotation members such as various shafts.
The four clutches CL1 to CL4 are mounted as follows.

The first clutch CL1 1s mounted between the first input
shaft IS1 and the second input shait 1S2, and selectively
connects the first input shaft IS1 and the second input shaft
IS2.

The second clutch CL2 1s mounted between the first input
shaft IS1 and the third mput shaft IS3, and selectively
connects the first input shaft IS1 and the third 1nput shaft
IS3.

The third clutch CL3 1s mounted between the intermediate
shaft CS and the second rotation element N2 (planet carrier
PC) of the planetary gear set PG, and selectively connects
the intermediate shait CS and the planet carrier PC.

The fourth clutch CL4 1s mounted between the interme-
diate shatt CS and the first rotation element N1 (sun gear S)
of the planetary gear set PG, and selectively connects the
intermediate shaft CS and the sun gear S.

The engagement elements of the first, second, third, and
fourth clutches C1, C2, C3, and C4 may be realized as
multi-plate hydraulic pressure friction devices that are iric-
tionally engaged by hydraulic pressure, however, 1t may not
be understood to be limited thereto, since various other
configuration that are electrically controllable may be avail-
able.

In the disclosure, when two or more members are
described to be “fixedly connected”, where the member may
be any of a shaft, an mput shaft, an output shait, a rotation
member, and a transmission housing, 1t means that the
fixedly connected members always rotate at a same speed.
That 1s, rotation elements and/or shafts fixedly intercon-
nected rotate 1 a same rotating direction and at a same
rotation speed.

When two or more members are described to be “selec-
tively connectable” by an engagement element, 1t means that
the selectively connectable members rotate separately when
the engagement element 1s not engaged, and rotates at a
same speed when the engagement element 1s engaged. It
may be understood that in the case that a member 1s
“selectively connectable” with a transmission housing by an
engagement element, the member may be stationary when
the engagement element 1s engaged.

FIG. 2 1s a shufting operation chart for a power transmis-
s10n apparatus according to various exemplary embodiments
of the present invention, and the power transmission appa-
ratus according to various exemplary embodiments per-
forms shifting operation as follows.

A power transmission apparatus according to various
exemplary embodiments may realize a plurality of shifting
stages by selection operation of the engagement elements of
the four clutches CL1 to CL4 and the two synchronizers
SM1 and SM2.

The exemplary power transmission apparatus may realize
sixteen shifting stages that include two shifting stages by the
operation of the first synchronizer SM1 under the simulta-
neous operation of the second and third clutches CL2 and
CL3, two shifting stages by the operation of the second
synchronizer SM2 under the simultaneous operation of the
first and third clutches CLL1 and CL3, two shifting stages by
the operation of the first synchronizer SM1 under the
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operation of the first clutch CL1, two shifting stages by the
operation of the second synchronizer SM2 under the opera-
tion of the second clutch CL2, four shifting stages by the
operation of the first synchronizer SM1 or second synchro-
nizer SM2 under the simultaneous operation of the third and
tourth clutches CL3 and CL4, and four shifting stages by the
operation of the first and second synchronizers SM1 and
SM2 under the operation of the third clutch CL3.

A power transmission apparatus according to various
exemplary embodiments may achieve a desired number of
shifting stages selected from the available sixteen shifting
stages depending on desired characteristic of a transmission.

The Gear ratios of the first to sixth gear sets G11 to GT6
may be set 1 consideration of design requirements of a
transmission.

For example, gear ratios of the respective gear sets GT1
to GT6 may be formed as follows.

The gear ratio of the first external gear EG1 to the first
input gear 1G1 1n the first gear set GT1 may be 0.873.

The gear ratio of the first shifting gear SG1 to the second
input gear 1G2 1n the second gear set GT2 may be 0.875.

The gear ratio of the third mput gear 1G3 to the second
external gear EG2 in the third gear set GT3 may be 0.533.

The gear ratio of the second shifting gear SG2 to the third
iput gear 1G3 1n the third gear set GT3 may be 0.400.

The gear ratio of the third external gear EG3 to the fourth
external gear EG4 1n the fourth gear set GT4 may be 1.433.

The gear ratio of the third shifting gear SG3 to the fourth
input gear 1G4 1n the fourth gear set G14 may be 4.000.

The gear ratio of the fourth shifting gear SG4 to the fifth
input gear 1G5 1n the fifth gear set GTS may be 0.767.

The gear ratio of the final reduction gear FDG to the first
output gear OG1 1n the sixth gear set G'1T6 may be 3.667.

The gear ratio of the planetary gear set PG may be 2.462.

[First Shift-Stage]

In the first shift-stage, while the second and third clutches
CL2 and CL3 are under operation, the first synchronizer
SM1 1s controlled to synchronously connect the first shifting
gear SG1 and the first output shait OS1.

As such, the torque of the engine ENG 1s 1mnput to the first
rotation element N1 of the planetary gear set PG by the

operation of the second clutch CL2 through the first input
shaft IS1, the second clutch CL2, the third mnput shaft 1S3,
and the fourth gear set G'14, and simultaneously 1nput to the
second rotation element N2 of the planetary gear set PG by
the operation of the third clutch CL3 through the first input
shaft IS1, the first gear set G111, and the third clutch CL3.

In the planetary gear set PG, the second rotation element
N2 recerves a torque according to the gear ratio of the first
gear set GT1 and the first rotation element N1 receives a
torque according to the gear ratio of the fourth gear set GT4.

The torques of the first and third mput shafts IS1 and 1S3
are shifted in the planetary gear set PG according to the
rotation speed diflerence of the first and second rotation
clements N1 and N2 thereby outputting the shifted torque to
the third rotation element N3, and the torque of the third
rotation element N3 1s shifted while passing through the
third gear set G'13, the second gear set G112, the first output
shaft OS1, the first output gear OG1, and the final reduction
gear FDG to be transmitted to the differential DIFFE.

In the first shift-stage, torques of the first and third input
shafts IS1 and IS3 are primarnly shifted by the gear ratios of
the first and fourth gear sets GT1 and GT4 and by the
rotation speed difference of the first and second rotation
clements N1 and N2 in the planetary gear set PG, and
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secondarily shifted by the gear ratios of the third and second
gear sets G13 and G112, afterwards being transmitted to the
first output shaft OS1.

In the instant case, the second synchronizer SM2 1s
maintained to a neutral state, and the torque of the third input
shaft IS3 1s not passed to the first output shaft OS1 through
the fourth gear set GT4 and the fifth gear set GT5.

[Second Shift-Stage]

In the second shift-stage, while the second and third
clutches CL2 and CL3 are under operation, the first syn-
chronizer SM1 1s controlled to synchronously connect the
second shifting gear SG2 and the first output shaft OS1.

As such, the torque of the engine ENG 1s 1nput to the first
rotation element N1 of the planetary gear set PG by the
operation of the second clutch CL2 through the first input
shaft IS1, the second clutch CL2, the third input shatt 1S3,
and the fourth gear set GT4, and simultaneously 1nput to the
second rotation element N2 of the planetary gear set PG by
the operation of the third clutch CL3 through the first input
shaft IS1, the first gear set G111, and the third clutch CL3.

In the planetary gear set PG, the second rotation element
N2 recerves a torque according to the gear ratio of the first
gear set GT1 and the first rotation element N1 receives a
torque according to the gear ratio of the fourth gear set GT4.

The torques of the first and third mnput shatts IS1 and IS3
are shifted in the planetary gear set PG according to the
rotation speed diflerence of the first and second rotation
clements N1 and N2 thereby outputting the shifted torque to
the third rotation element N3, and the torque of the third
rotation element N3 1s shifted while passing through the
third gear set G'13, the second gear set G12, the first output
shaft OS1, the first output gear OG1, and the final reduction
gear FDG to be transmitted to the differential DIFF.

In the first shift-stage, torques of the first and third 1nput
shafts IS1 and IS3 are primanly shifted by the gear ratios of
the first and fourth gear sets GT1 and GT4 and by the
rotation speed difference of the first and second rotation
clements N1 and N2 in the planetary gear set PG, and
secondarily shifted by the gear ratio of the third gear set
GT3, afterwards being transmitted to the first output shaft
OS1.

In the instant case, the second synchronizer SM2 1s
maintained to a neutral state, and the torque of the third input
shaft IS3 1s not passed to the first output shait OS1 through
the fourth gear set GT4 and the fifth gear set GT5.

[ Third Shift-Stage]

In the third shift-stage, while the first and third clutches
CL1 and CL3 are under operation, the second synchronizer
SM2 1s controlled to synchronously connect the third shift-
ing gear SG3 and the second output shatt OS2.

As such, the torque of the engine ENG 1s mput to the third
rotation element N3 of the planetary gear set PG by the
operation of the first clutch CL1 through the first input shatt
IS1, the first clutch CL1, the second input shait IS2, and the
third gear set GT3, and simultaneously input to the second
rotation element N2 of the planetary gear set PG by the
operation of the third clutch CL3 through the first input shaft
IS1, the first gear set GT1, and the third clutch CL3.

In the planetary gear set PG, the second rotation element
N2 recerves a torque according to the gear ratio of the first
gear set GT1, and the third rotation element N3 receives a
torque according to the gear ratio of the third gear set GT3.

The torques of the first and second input shaits IS1 and
IS2 are shifted in the planetary gear set PG according to the
rotation speed difference of the second and third rotation
clements N2 and N3 thereby outputting the shifted torque to
the first rotation element N1, and the torque of the first
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rotation element N1 1s shifted while passing through the
fourth gear set GT4, the first output shait OS1, the first
output gear OG1, and the final reduction gear FDG to be
transmitted to the differential DIFF.

In the third shift-stage, torques of the first and second
input shafts IS1 and IS2 are primarily shifted by the gear
ratios of the first and third gear sets GT1 and GT3 and by the
rotation speed diflerence of the second and third rotation
clements N2 and N3 in the planetary gear set PG, and
secondarily shifted by the gear ratios of the fourth gear set
GT4, afterwards being transmitted to the first output shaft

OS1.

In the instant case, the first synchronizer SM1 1s main-
tained to a neutral state, and the torque of the second input
shaft IS2 1s not passed to the second output shait OS2
through the second gear set G12 and the third gear set GT3.

|[Fourth Shift-Stage]

In the fourth shift-stage, while the first and third clutches
CL1 and CL3 are under operation, the second synchronizer
SM2 1s controlled to synchronously connect the fourth
shifting gear SG4 and the second output shait OS2.

As such, the torque of the engine ENG 1s input to the third
rotation element N3 of the planetary gear set PG by the
operation of the first clutch CL1 through the first input shatt
IS1, the first clutch CL1, the second input shait IS2, and the
third gear set G'13, and simultaneously mnput to the second
rotation element N2 of the planetary gear set PG by the
operation of the third clutch CL3 through the first input shatt

IS1, the first gear set G'11, and the third clutch CL3.

In the planetary gear set PG, the second rotation element
N2 receives a torque according to the gear ratio of the first
gear set GT1, and the third rotation element N3 receives a
torque according to the gear ratio of the third gear set GT3.

The torques of the first and second input shatts IS1 and
IS2 are shifted 1n the planetary gear set PG according to the
rotation speed difference of the second and third rotation
clements N2 and N3 thereby outputting the shifted torque to
the first rotation element N1, and the torque of the first

rotation element N1 1s shifted while passing through the
fourth and fifth gear sets G'14 and GT5, the first output shaft

OS1, the first output gear OG1, and the final reduction gear
FDG to be transmitted to the differential DIFF.

In the fourth shift-stage, torques of the first and second
input shafts IS1 and IS2 are primarily shifted by the gear
ratios of the first and third gear sets GT1 and GT3 and by the
rotation speed difference of the second and third rotation
clements N2 and N3 in the planetary gear set PG, and
secondarily shifted by the gear ratios of the fourth and fifth
gear sets G14 and GT3, afterwards being transmitted to the
first output shaft OS1.

In the instant case, the first synchronizer SM1 1s main-
tained to a neutral state, and the torque of the second nput
shaft IS2 1s not passed to the first output shatt OS1 through
the second gear set G12 and the third gear set GT3.

|[Fifth Shaft-Stage]

In the fifth shift-stage, while the first clutch CL1 1s under
operation, the first synchronizer SM1 is controlled to syn-
chronously connect the first shifting gear SG1 and the first
output shait OS1.

As such, by the operation of the first clutch CL1, the
torque of the engine ENG 1s shifted while passing through
the first mnput shatt IS1, the first clutch CL1, the second input
shaft IS2, the second gear set G2, the first output shait OS1,
the first output gear OG1, and the final reduction gear FDG
to be transmitted to the differential DIFF.
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In the fifth shift-stage, the torque of the first input shait
IS1 1s shifted by the gear ratio of the second gear set G172,
and transmitted to the first output shait OS1.

In the mstant case, the operation of the second synchro-
nizer SM2 to synchronously connect the third shifting gear
S(G3 or fourth shifting gear SG4 to the first output shaft OS1

does not aflect the shifting operation.
[ Sixth Shift-Stage]

In the sixth shift-stage, while the first clutch CL1 1s under
operation, the first synchronizer SM1 1s controlled to syn-
chronously connect the second shifting gear SG2 and the

first output shait OS1.

As such, by the operation of the first clutch CL1, the
torque of the engine ENG 1s shifted while passing through
the first input shaft IS1, the first clutch CL1, the second input
shaft I1S2, the third gear set G'13, the first output shait OS1,
the first output gear OG1, and the final reduction gear FDG
to be transmitted to the differential DIFF.

In the sixth shift-stage, the torque of the first input shaift
IS1 1s shifted by the gear ratio of the third gear set GT3, and

transmitted to the first output shaft OS1.

In the instant case, the operation of the second synchro-
nizer SM2 to synchronously connect the third shifting gear
S(G3 or fourth shifting gear SG4 to the first output shaft OS1
does not aflect the shifting operation.

[ Seventh Shift-Stage]

In the seventh shift-stage, while the second clutch CL2 1s
under operation, the second synchronizer SM2 1s controlled
to synchronously connect the third shifting gear SG3 and the
first output shaft OS1.

As such, by the operation of the second clutch CL2, the
torque of the engine ENG 1s shifted while passing through
the first mput shaft IS1, the second clutch CL2, the third
input shatt IS3, the fourth gear set G'14, the first output shaft
OS1, the first output gear OG1, and the final reduction gear
to be transmitted to the dif erentlal DIFF.

In the seventh shift-stage, the torque of the first input shaft
IS1 1s shifted by the gear ratio of the fourth gear set GT4, and
transmitted to the first output shaft OS1.

In the instant case, the operation of the first synchronizer
SM1 to synchronously connect the first shifting gear SG1 or
second shifting gear SG2 to the first output shait OS1 does
not affect the shifting operation.

[Eighth Shaft-Stage]

In the eighth shift-stage, while the second clutch CL2 1s
under operation, the second synchronizer SM2 1s controlled
to synchronously connect the fourth shifting gear SG4 and
the first output shatt OS1.

As such, by the operation of the second clutch CL2, the
torque of the engine ENG 1s shifted while passing through
the first mput shaft IS1, the second clutch CL2, the third
input shatt 1S3, the fifth gear set GT3, the first output shatt
OS1, the first output gear OG1, and the final reduction gear
FDG to be transmitted to the differential DIFF.

In the eighth shift-stage, the torque of the first input shaft
IS1 1s shafted by the gear ratio of the fifth gear set GTS, and
transmitted to the first output shaft OS1.

In the 1nstant case, the operation of the first synchronizer
SM1 to synchronously connect the first shifting gear SG1 or
second shifting gear SG2 to the first output shatft OS1 does
not aflect the shifting operation.

[Ninth Shift-Stage]

In the ninth shift-stage, while the third and fourth clutches
CL3 and CL4 are under operation, the first synchronizer
SM1 1s controlled to synchronously connect the first shifting
gear SG1 and the first output shaft OS1.
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As such, the torque of the engine ENG 1s mput to the
second rotation element N2 of the planetary gear set PG by
the operation of the third clutch CL3 through the first input
shaft IS1, the first gear set GT1, and the third clutch CL3,
and simultaneously nput to the first rotation element N1 of
the planetary gear set PG by the operation of the fourth
clutch CL4 through the first input shaft IS1, the first gear set
GT1, and the fourth clutch CL4.

As such, the planetary gear set PG integrally rotates by
receiving the same torque of the first input shaft IS1 through
the first and second rotation elements N1 and N2, and
merely transmits the torque of the first and second rotation
clements N1 and N2 to the first and third rotation elements
N1 and N3.

The torque of the third rotation element N3 1s shifted
while passing through the third gear set G13, the second
gear set G112, the first output shaft OS1, the first output gear
OG1, and the final reduction gear FDG to be transmitted to
the d1 ‘erential DIFF.

In the nminth shift-stage, the torque of the first mnput shaft
IS1 1s shifted by the gear ratio of the first, third, and second
gear sets GT11, GT3, and GT2, and transmitted to the first
output shait OS1.

Since the second synchronizer SM2 1s maintained to a
neutral state, the torque output from the second rotation
clement N2 of the planetary gear set PG 1s not transmitted
to the first output shaft OS1 and does not aflect the shifting
operation.

[ Tenth Shaft-Stage]

In the tenth shift-stage, while the third and fourth clutches
CL3 and CL4 are under operation, the first synchronizer
SM1 1s controlled to synchronously connect the second
shifting gear SG2 and the first output shait OS1.

As such, the torque of the engine ENG 1s mput to the
second rotation element N2 of the planetary gear set PG by
the operation of the third clutch CL3 through the first input
shaft IS1, the first gear set GT1, and the third clutch CL3,
and simultaneously mnput to the first rotation element N1 of
the planetary gear set PG by the operation of the fourth
clutch CL4 through the first input shaft IS1, the first gear set
(GT1, and the fourth clutch CL4.

As such, the planetary gear set PG integrally rotates by
receiving the same torque of the first input shatt IS1 through
the first and second rotation elements N1 and N2, and
merely transmits the torque of the first and second rotation
clements N1 and N2 to the first and third rotation elements
N1 and N3.

The torque of the third rotation element N3 i1s shifted
while passing through the third gear set GT3, the first output
shaft OS1, the first output gear OG1, and the final reduction
gear FDG to be transmitted to the differential DIFFE.

In the tenth shift-stage, the torque of the first imnput shaft
IS1 1s shafted by the gear ratios of the first gear set G11 and
the third gear set GT3, and transmitted to the first output
shaft OS1.

Since the second synchromizer SM2 1s maintained to a
neutral state, the torque output from the second rotation
clement N2 of the planetary gear set PG 1s not transmitted
to the first output shaft OS1 and does not aflect the shifting
operation.

|[Eleventh Shift-Stage]

In the eleventh shift-stage, while the third and fourth
clutches CL3 and CL4 are under operation, the second
synchronizer SM2 1s controlled to synchronously connect
the third shifting gear SG3 and the first output shaft OS1.

As such, the torque of the engine ENG 1s mput to the
second rotation element N2 of the planetary gear set PG by
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the operation of the third clutch CL3 through the first input
shaft IS1, the first gear set G111, and the third clutch CL3,

and simultaneously mput to the first rotation element N1 of
the planetary gear set PG by the operation of the fourth
clutch CL4 through the first input shait IS1, the first gear set
(GT1, and the fourth clutch CL4.

As such, the planetary gear set PG integrally rotates by
receiving the same torque of the first input shaft IS1 through
the first and second rotation elements N1 and N2, and

merely transmits the torque of the first and second rotation
clements N1 and N2 to the first and third rotation elements

N1 and N3.

The torque of the first rotation element N1 1s shifted while
passing through the fourth gear set GT4, the first output shaft
OS1, the first output gear OG1, and the final reduction gear

FDG to be transmitted to the differential DIFF.
In the eleventh shift-stage, the torque of the first 1nput

shaft IS1 1s shufted by the gear ratios of the first gear set GT1
and the fourth gear set GT4, and transmitted to the first
output shaft OS1.

Since the first synchronizer SM1 1s maintained to a
neutral state, the torque output from the third rotation
clement N3 of the planetary gear set PG 1s not transmitted
to the first output shaft OS1 and does not aflect the shifting
operation.

| Twellth Shaft-Stage]

In the twelith shift-stage, while the third and fourth
clutches CL3 and CL4 are under operation, the second
synchronizer SM2 1s controlled to synchronously connect
the fourth shifting gear SG4 and the second output shaft
OS2.

As such, the torque of the engine ENG 1s mput to the
second rotation element N2 of the planetary gear set PG by
the operation of the third clutch CL3 through the first input
shaft IS1, the first gear set G111, and the third clutch CL3,
and simultaneously mnput to the first rotation element N1 of
the planetary gear set PG by the operation of the fourth
clutch CL4 through the first input shaft IS1, the first gear set
(GT1, and the fourth clutch CL4.

As such, the planetary gear set PG integrally rotates by
receiving the same torque of the first input shaft IS1 through
the first and second rotation elements N1 and N2, and
merely transmits the torque of the first and second rotation
clements N1 and N2 to the first and third rotation elements
N1 and N3.

The torque of the first rotation element N1 1s shufted while

passing through the fourth and fifth gear sets GT4 GT5, the
first output shatt OS1, the first output gear OG1, and the final
reduction gear FDG to be transmitted to the differential
DIFF.
In the twelith shift-stage, the torque of the first input shaift
IS1 1s shufted by the gear ratios of the first, fourth, and fifth
gear sets G111, GT4, and GT5, and transmitted to the first
second output shaft OS1.

Since the first synchronizer SM1 1s maintained to a
neutral state, the torque output from the third rotation
clement N3 of the planetary gear set PG 1s not transmitted
to the first output shaft OS1 and does not aflect the shifting
operation.

| Thirteenth Shift-Stage]

In the thirteenth shift-stage, while the third clutch CL3 1s
under operation, the first synchromzer SM1 i1s controlled to
synchronously connect the first shifting gear SG1 and the
first output shaft OS1, and the second synchronizer SM2 1s
controlled to synchronously connect the third shifting gear
SG3 and the first output shait OS1.




US 10,955,036 B2

15

As such, by the operation of the first synchromzer SM1,
the third rotation element N3 of the planetary gear set PG 1s
connected to the first output shaft OS1 through the third gear
set G T3 and the second gear set G12, and by the operation
of the second synchronizer SM2, the first rotation element
N1 of the planetary gear set PG 1s connected to the first
output shait OS1 through the fourth gear set GT4. In the
instant state, the torque of the engine ENG is 1put to the
second rotation element N2 of the planetary gear set PG
through the first input shaft IS1, the first gear set GT1, and
the third clutch CL3.

As a result, the first and third rotation elements N1 and N3
of the planetary gear set PG form a closed torque loop
together with the first output shait OS1. In the mstant case,
the first rotation element N1 receives a shifted torque
according to the gear ratio of the fourth gear set GT4, and
the third rotation element N3 receives a shifted torque
according to the gear ratios of the third and second gear sets
GT3 and GT2. Therefore, the torque input to the second
rotation element N2 1s shifted and transmitted through the
first output shatts OS1, the first output gear OG1, and the
final reduction gear FDG and to the differential DIFF.

|[Fourteenth Shift-Stage]

In the fourteenth shift-stage, while the third clutch CL3 1s
under operation, the first synchromzer SM1 1s controlled to
synchronously connect the first shifting gear SG1 and the
first output shait OS1, and the second synchronizer SM2 1s
controlled to synchronously connect the fourth shifting gear
SG4 and the first output shait OSI.

As such, by the operation of the first synchronizer SM1,
the third rotation element N3 of the planetary gear set PG 1s
connected to the first output shaft OS1 through the third gear
set G'13 and the second gear set G'12, and by the operation
of the second synchronizer SM2, the first rotation element
N1 of the planetary gear set PG 1s connected to the first
output shatt OS1 through the fourth and fifth gear sets GT4
and GT5, in the instant state 1n the mstant state, the torque
of the engine ENG 1s mnput to the second rotation element N2
of the planetary gear set PG through the first input shaft IS1,
the first gear set GT1, and the third clutch CL3.

As a result, the first and third rotation elements N1 and N3
of the planetary gear set PG form a closed torque loop
together with the first output shait OS1. In the nstant case,
the first rotation element N1 receives a shifted torque
according to the gear ratios of the fourth and fifth gear sets
GT4 and GT5, and the third rotation element N3 receives a
shifted torque according to the gear ratios of the third and
second gear sets G13 and GT2. Therefore, the torque 1nput
to the second rotation element N2 1s shifted and transmitted
through the first output shafts OS1, the first output gear
OG1, and the final reduction gear FDG and to the differential
DIFF.

|Fifteenth Shift-Stage]

In the fifteenth shift-stage, while the third clutch CL3 1s
under operation, the first synchromizer SM1 1s controlled to
synchronously connect the second shifting gear SG2 and the
first output shait OS1, and the second synchronizer SM2 1s
controlled to synchronously connect the third shifting gear
SG3 and the first output shait OS1.

As such, by the operation of the first synchronizer SM1,
the third rotation element N3 of the planetary gear set PG 1s
connected to the first output shaft OS1 through the third gear
set G'13, and by the operation of the second synchronizer
SM2, the first rotation element N1 of the planetary gear set
PG 1s connected to the first output shaft OS1 through the
fourth gear set G14. In the 1nstant state, the torque of the
engine ENG 1s input to the second rotation element N2 of the
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planetary gear set PG through the first input shait IS1, the
first gear set GT1, and the third clutch CL3.

As aresult, the first and third rotation elements N1 and N3
of the planetary gear set PG form a closed torque loop
together with the first output shait OS1. In the nstant case,
the first rotation element N1 receives a shifted torque
according to the gear ratio of the fourth gear set G14, and
the third rotation element N3 receives a shifted torque
according to the gear ratio of the third gear set GT13.
Theretfore, the torque input to the second rotation element
N2 1s shifted and transmitted through the first output shaifts
OS1, the first output gear OG1, and the final reduction gear
FDG and to the differential DIFF.

[Sixteenth Shift-Stage]

In the sixteenth shift-stage, while the third clutch CL3 1s
under operation, the first synchromizer SM1 1s controlled to
synchronously connect the second shifting gear SG2 and the
first output shaft OS1, and the second synchronizer SM2 1s
controlled to synchronously connect the fourth shifting gear
SG4 and the first output shaft OSI.

As such, by the operation of the first synchronizer SM1,
the third rotation element N3 of the planetary gear set PG 1s
connected to the first output shait OS1 through the third gear
set G'13, and by the operation of the second synchronizer
SM2, the first rotation element N1 of the planetary gear set
PG 1s connected to the first output shaft OS1 through the
fourth and fifth gear sets GT4 and G'T5, 1n the instant state
in the 1nstant state, the torque of the engine ENG 1s 1mnput to
the second rotation element N2 of the planetary gear set PG
through the first input shait IS1, the first gear set GT1, and
the third clutch CL3.

As aresult, the first and third rotation elements N1 and N3
of the planetary gear set PG form a closed torque loop
together with the first output shait OS1. In the nstant case,
the first rotation element N1 receives a shifted torque
according to the gear ratios of the fourth and fifth gear sets
GT4 and GTS5, and the third rotation element N3 receives a
shifted torque according to the gear ratios of the third gear
set GT3. Therelfore, the torque put to the second rotation
clement N2 1s shifted and transmitted through the first output

shafts OS1, the first output gear OG1, and the final reduction
gear FDG and to the differential DIFF.

As a result, a transmission of desired number of shifting
stages with desired gear ratio may be designed with refer-
ence to the gear ratios of the sixteen shifting stages. For
example, as shown in FIG. 2, a transmission of forward nine
speeds and one reverse speed may be designed using first,
third, fifth, sixth, seventh, eighth, ninth, eleventh, twelith,
and thirteenth shifting stages.

FIG. 3 1s a schematic view of a power transmission
apparatus according to various exemplary embodiments of
the present mvention.

Referring to FIG. 3, in various exemplary embodiments of
the present invention, the fourth clutch CL4 1s mounted
between the intermediate shaft CS and the third rotation
clement N3 (ring gear R) of the planetary gear set PG, 1n
comparison with the various exemplary embodiments of
FIG. 1, where the fourth clutch CLL4 1s mounted between the
intermediate shaft CS and the first rotation element N1 (sun
gear S) of the planetary gear set PG.

The various exemplary embodiments 1n FIG. 3 only differ
from the various exemplary embodiments i FIG. 1 in the
location of the fourth clutch CL4, providing the same
shafting operation and eflect, which 1s therefore not
described in further detail.
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FIG. 4 1s a schematic view ol a power transmission
apparatus according to various exemplary embodiments of
the present ivention.

Referring to FIG. 4, 1n various exemplary embodiments in
comparison with the various exemplary embodiments of the
present invention i FIG. 1, the first output shait OS1 1s split
into first and second output shafts OS1 and OS2, where the
first synchronizer SM1 1s mounted on the first output shaft
OS1, and the second synchromizer SM2 1s mounted on the
second output shaft OS2.

Therefore, the first output shaft OS1 may transmit a
torque from the second and third gear sets G12 and GT3 to
the differential DIFF through the first output gear OG1 and
the final reduction gear FDG 1n the sixth gear set GT6. The
second output shaft OS2 may transmit a torque from the
fourth and fifth gear sets GT4 and G116 to the diflerential
DIFF through the second output gear OG2 and the final
reduction gear FDG 1n the sixth gear set GT6.

As a result, final reduction gear ratio may be differently
designed from the various exemplary embodiments by the
first and second output gears OS1 and OS2.

FIG. 5 1s a schematic view of a power transmission
apparatus according to various exemplary embodiments of
the present invention.

Referring to FIG. 5, 1in various exemplary embodiments of
the present invention, the fourth clutch CL4 1s mounted
between the intermediate shaft CS and the third rotation
clement N3 (ring gear R) of the planetary gear set PG, 1n
comparison with the various exemplary embodiments where
the fourth clutch CL4 1s mounted between the intermediate
shaft CS and the first rotation element N1 (sun gear S) of the
planetary gear set PG.

The various exemplary embodiments in FIG. 5 only differ
from the various exemplary embodiments in FIG. 4 in the
location of the fourth clutch CL4, providing the same
shafting operation and eflect, which 1s therefore not
described in further detail.

As described above, a power transmission apparatus con-
figured for a vehicle according to an exemplary embodiment
of the present imnvention may realize sixteen shifting stages
by combining one simple planetary gear set and two syn-
chronizers to basic four-speed dual-clutch transmission
(DCT) structure.

Furthermore, according to a power transmission apparatus
configured for a vehicle according to an exemplary embodi-
ment of the present invention, desired shifting stages may be
selected from the sixteen shifting stages, and therefore, a
transmission may be easily optimized for various specifica-
tions of vehicles, facilitating vehicle-improvement of power
delivery performance and fuel consumption.

Furthermore, according to a power transmission apparatus
configured for a vehicle according to an exemplary embodi-
ment of the present invention, a transmission may be down-
sized by employing a simple four-speed dual-clutch trans-
mission (DCT) structure, also improving installability.

For convenience 1n explanation and accurate definition in

the appended claims, the terms “upper”, “lower”, “inner”,

.

“outer”, “up”, “down”, “upwards”, “downwards”, “ifront”,
“rear”, “back”, “mnside”, “outside”, “mwardly”, “out-
wardly”, “imternal”, “external”, “mner”, “outer”, *“for-

wards”, and “backwards’ are used to describe features of the
exemplary embodiments with reference to the positions of
such features as displayed in the figures. It will be further
understood that the term “connect” or 1ts derivatives refer
both to direct and indirect connection.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for
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purposes of 1llustration and description. They are not
intended to be exhaustive or to limit the present invention to
the precise forms disclosed, and obviously many modifica-
tions and vanations are possible 1n light of the above
teachings. The exemplary embodiments were chosen and
described to explain certain principles of the present inven-
tion and their practical application, to enable others skilled
in the art to make and utilize various exemplary embodi-
ments of the present invention, as well as various alterna-
tives and modifications thereof. It 1s mtended that the scope
of the present invention be defined by the Claims appended
hereto and their equivalents.

What 1s claimed 1s:

1. A power transmission apparatus for a vehicle, the
power fransmission apparatus comprising;:

a first mput shaft fixedly connected to an engine output

shaft connected to an engine;

a second input shait formed as a hollow shaft, mounted
coaxial with and external to the first input shait without
rotational interference therebetween, and selectively
connectable to the first input shaft;

a third input shaft formed as a hollow shaft, mounted
coaxial with and external to the second mput shatt, and
selectively connectable to the first input shaft;

an 1ntermediate shaft and at least one output shaft
mounted 1n parallel with the first, second, and third
input shaits;

a planetary gear set including at least three rotation
clements having a first rotation element, a second
rotation element, and a third rotation element and
mounted on an axis of the intermediate shatt, two of the
at least three rotation elements being selectively con-
nectable to the intermediate shaft;

a plurality of gear sets, each of which allows at least one
torque tlow between the intermediate shaft, the first,
second, and third mput shafts, the at least one output
shaft and the planetary gear set;

a first synchronizer mounted on the at least one output
shaft, selectively receiving a torque from the second
input shait through two paths, and transmitting the
received torque from the second input shaft to the at
least one output shaft;

a second synchronizer mounted on the at least one output
shaft, selectively receiving a torque from the third input
shaft through two paths, and transmitting the received

torque irom the third input shaft to the at least one
output shaft; and

four clutches.

2. The power transmission apparatus of claim 1, wherein
the at least one output shait includes a first output shaft
transmitting a torque between the second and third input
shafts and a diflerential.

3. The power transmission apparatus of claim 2, wherein
the first rotation element and the second rotation element of
the planetary gear set are selectively connectable to the
intermediate shatt.

4. The power transmission apparatus of claim 3, wherein
the four clutches include:

a first clutch mounted between the first input shaft and the

second 1nput shaft;

a second clutch mounted between the first input shaft and
the third mput shafit;

a third clutch mounted between the intermediate shait and
the second rotation element of the planetary gear set;
and

a fourth clutch mounted between the intermediate shaft
and the first rotation element of the planetary gear set.
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5. The power transmission apparatus of claim 2, wherein
the second and third rotation elements of the planetary gear
set are selectively connectable to the intermediate shait.

6. The power transmission apparatus of claim 5, wherein
the four clutches include:

a first clutch mounted between the first input shaft and the

second 1nput shaft;

a second clutch mounted between the first input shait and
the third input shaft;

a third clutch mounted between the intermediate shaft and
the second rotation element of the planetary gear set;
and

a fourth clutch mounted between the intermediate shaft
and the third rotation element of the planetary gear set.

7. The power transmission apparatus of claim 2, wherein
the plurality of gear sets includes:

a first gear set including a first input gear and a first gear,
the first input gear being fixedly connected to the first
input shaft, the first gear being fixedly connected to the
intermediate shait and gear-engaged with the first input
gear;

a second gear set including a second mput gear and a first
shifting gear, the second input gear being fixedly con-
nected to the second input shaft, the first shifting gear
being rotatably mounted on the first output shaft and
gear-engaged with the second mput gear;

a third gear set including a second gear, a third 1nput gear,
and a second shifting gear, the second gear being
fixedly connected to the third rotation element of the
planetary gear set, the third mput gear being fixedly
connected to the second mput shaft and gear-engaged
with the second gear, and the second shifting gear being
rotatably mounted on the first output shait and gear-
engaged with the third input gear;

a Tourth gear set including a third gear, a fourth 1nput gear
and a third shifting gear, the third gear being fixedly
connected to the first rotation element of the planetary
gear set, the fourth mput gear being fixedly connected
to the third mput shaft and gear-engaged with the third
gear, the third shifting gear being rotatably mounted on
the first output shait and gear-engaged with the fourth
input gear; and

a fifth gear set including a fifth input gear and a fourth
shifting gear, the fifth input gear being fixedly con-
nected to the third mput shaft, the fourth shifting gear
being rotatably mounted on the first output shaft and
gear-engaged with the fifth mput gear.

8. The power transmission apparatus of claim 7, wherein
the plurality of gear sets further include a sixth gear set
including a final reduction gear of the differential and a first
output gear fixedly connected to the first output shait and
gear-engaged with the final reduction gear.

9. The power transmission apparatus of claim 7, wherein
the first, second, third, fourth and fifth gear sets are mounted
in a series of the fifth, fourth, third, second and first gear sets
from a side of the engine output shaft.

10. The power transmission apparatus of claim 7,

wherein the first synchronizer 1s configured to selectively
connect one of the first shifting gear of the second gear
set and the second shifting gear of the third gear set to
the first output shait, and

wherein the second synchronizer is configured to selec-
tively connect one of the third shifting gear of the
fourth gear set and the fourth shifting gear of the fifth
gear set to the first output shatt.

11. The power transmission apparatus of claim 1, wherein

the at least one output shait includes:
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a first output shait transmitting a torque between the
second 1nput shaft and a differential; and

a second output shaft transmitting a torque between the
third mput shaft and the differential.

12. The power transmission apparatus ol claim 11,
wherein the first rotation element and the second rotation
clement of the planetary gear set are selectively connectable
to the mtermediate shait.

13. The power transmission apparatus of claim 12,
wherein the four clutches include:

a first clutch mounted between the first input shaft and the

second 1nput shaft;

a second clutch mounted between the first input shait and
the third mput shatft;

a third clutch mounted between the intermediate shait and
the second rotation element of the planetary gear set;
and

a fourth clutch mounted between the mtermediate shaft
and the first rotation element of the planetary gear set.

14. The power transmission apparatus ol claim 11,
wherein the second and third rotation elements of the
planetary gear set are selectively connectable to the inter-
mediate shaft.

15. The power transmission apparatus of claim 14,
wherein the four clutches include:

a first clutch mounted between the first input shaft and the

second 1nput shaft;

a second clutch mounted between the first input shait and
the third mnput shaft;

a third clutch mounted between the intermediate shait and
the second rotation element of the planetary gear set;
and

a fourth clutch mounted between the mtermediate shaft
and the third rotation element of the planetary gear set.

16. The power transmission apparatus ol claim 11,
wherein the plurality of gear sets includes:

a first gear set including a first input gear and a first gear,
the first input gear being fixedly connected to the first
input shaft, the first gear being fixedly connected to the
intermediate shalt and gear-engaged with the first input
gear;

a second gear set including a second input gear and a first
shifting gear, the second input gear being fixedly con-
nected to the second mnput shatt, the first shifting gear
being rotatably mounted on the first output shaft and
gear-engaged with the second mnput gear;

a third gear set including a second gear, a third input gear,
and a second shifting gear, the second gear being
fixedly connected to the third rotation element of the
planetary gear set, the third mput gear being fixedly
connected to the second input shaft and gear-engaged
with the second gear, and the second shifting gear being
rotatably mounted on the first output shait and gear-
engaged with the third input gear;

a fourth gear set including a third gear, a fourth input gear
and a third shifting gear, the third gear being fixedly
connected to the first rotation element of the planetary
gear set, the fourth mput gear being fixedly connected
to the third mnput shaft and gear-engaged with the third
gear, the third shifting gear being rotatably mounted on
the second output shaft and gear-engaged with the
fourth input gear; and

a fifth gear set including a fifth input gear and a fourth
shifting gear, the fifth input gear being fixedly con-
nected to the third mput shaft, the fourth shifting gear
being rotatably mounted on the second output shaft and
gear-engaged with the fifth input gear.
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17. The power transmission apparatus of claim 16,
wherein the plurality of gear sets further include a sixth gear
set including a final reduction gear of the differential, and
first and second output gears fixedly connected to the first
output shaft and the second output shait respectively, and 5
gear-engaged with the final reduction gear.
18. The power transmission apparatus of claim 16,
wherein the first, second, third, fourth and fifth gear sets are
mounted 1n a series of the fifth, fourth, third, second and first
gear sets from a side of the engine output shaft. 10
19. The power transmission apparatus of claim 16,
wherein the first synchronizer 1s configured to selectively
connect one of the first shifting gear of the second gear
set and the second shifting gear of the third gear set to
the first output shaft, and 15

wherein the second synchronizer 1s configured to selec-
tively connect the third shifting gear of the fourth gear
set and the fourth shifting gear of the fifth gear set to the
second output shatt.

20. The power transmission apparatus of claim 1, 20

wherein the planetary gear set 1s a single pinion planetary

gear set and the first rotation element, the second
rotation element and the third rotation element are a sun
gear, a planet carrier, and a ring gear.
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